Objective: We describe chest radiograph (CXR) findings in a population with a high prevalence of human immunodeficiency virus (HIV) and tuberculosis (TB) in order to identify radiological features associated with TB; to compare CXR features between HIV-seronegative and HIV-seropositive patients with TB; and to correlate CXR findings with CD4 T-cell count. Methods: Consecutive adult patients admitted to a national referral hospital with a cough of duration of 2 weeks or longer underwent diagnostic evaluation for TB and other pneumonias, including sputum examination and mycobacterial culture, bronchoscopy and CXR. Two radiologists blindly reviewed CXRs using a standardised interpretation form. Results: Smear or culture-positive TB was diagnosed in 214 of 403 (53%) patients. Median CD4+ T-cell count was 50 cells mm -3 [interquartile range (IQR) 14-150]. TB patients were less likely than non-TB patients to have a normal CXR (12% vs 20%, p50.04), and more likely than non-TB patients to have a diffuse pattern of opacities (75% vs 60%, p50.003), reticulonodular opacities (45% vs 12%, p,0.001), nodules (14% vs 6%, p50.008) or cavities (18% vs 7%, p50.001). HIV-seronegative TB patients more often had consolidation (70% vs 42%, p50.007) and cavities (48% vs 13%, p,0.001) than HIV-seropositive TB patients. TB patients with a CD4+ T-cell count of #50 cells mm -3 less often had consolidation (33% vs 54%, p50.006) and more often had hilar lymphadenopathy (30% vs 16%, p50.03) compared with patients with CD4 51-200 cells mm -3 . Conclusion: Although different CXR patterns can be seen in TB and non-TB pneumonias there is considerable overlap in features, especially among HIVseropositive and severely immunosuppressed patients. Providing clinical and immunological information to the radiologist might improve the accuracy of radiographic diagnosis of TB.
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Conclusion:
Although different CXR patterns can be seen in TB and non-TB pneumonias there is considerable overlap in features, especially among HIVseropositive and severely immunosuppressed patients. Providing clinical and immunological information to the radiologist might improve the accuracy of radiographic diagnosis of TB.
Respiratory infections, especially tuberculosis (TB), are leading causes of illness and death in human immunodeficiency virus (HIV)-infected patients in sub-Saharan Africa. Rapid and accurate diagnosis of the specific cause of infection has the potential to reduce mortality substantially [1, 2] . Although sputum smear microscopy for acid-fast bacilli (AFB) is the first-line diagnostic test for evaluating these patients, chest radiographs (CXRs) are recommended for patients with negative sputum smears [3] . Studies have shown that HIV-infected patients with pulmonary TB are less often smear-positive and tend to have less ''typical'' radiographic abnormalities, two factors which make TB diagnosis even more difficult than in HIV-seronegative patients [4] [5] [6] .
Although the clinical and radiological manifestations of TB in HIV-infected patients are known to vary according to the degree of immunosuppression [7] [8] [9] [10] [11] [12] [13] , no studies have specifically described radiographic abnormalities in patients with CD4+ T-cell counts below 50 cells mm -3 , a population at particularly high risk of poor outcomes. Therefore, we carried out a cross-sectional study of adult patients admitted to the emergency ward of a national referral hospital with suspected TB. We describe CXR findings among this population with a high prevalence of HIV and TB in order to identify radiological features that could identify TB; we compare radiographic features between HIV-seronegative and HIV-seropositive patients with TB; and we correlate CXR findings of TB with CD4+ T-cell counts.
Methods and patients

Study population
Between September 2007 and July 2008, we screened all adult patients admitted to the medical emergency ward with a cough of duration of 2 weeks or longer but less than 6 months. Patients already receiving therapy for TB were excluded, as were patients who were unwilling or unable to consent in English or a local language.
Data collection
After obtaining written informed consent, medical officers administered a standardised questionnaire to collect demographic and clinical information. Laboratory technicians collected blood samples for HIV testing using whole blood fingerstick specimens according to a sequential testing algorithm incorporating three rapid enzyme immunoassay kits, Determine (Abbott Laboratories, Abbott Park, IL), Stat-Pak (Chembio, Medford, NY) and Uni-Gold (Trinity Biotech, Wicklow, Ireland). CD4+ T-lymphocyte counts were measured in all HIV-infected patients.
All study participants provided spot sputum on hospital day 1 and early-morning sputum on hospital day 2. Patients who were unable to produce a sample underwent sputum induction with nebulised hypertonic saline according to routine procedures practised on the pulmonary ward. Specimens were examined by direct Ziehl-Neelsen (ZN) smear microscopy and mycobacterial culture on Lö wenstein-Jensen (LJ) medium. Cultures were read weekly for growth, and were considered negative if no growth was seen after 8 weeks.
The study team referred all HIV-infected patients with negative sputum smears for AFB for bronchoscopy, except when the clinicians deemed it unsafe, which clinical investigators (WW, SY, AC, JLD) performed according to a standardised protocol that included airway inspection for Kaposi's sarcoma lesions and collection of bronchoalveolar lavage (BAL) fluid.
Trained microbiology technicians examined BAL fluid for mycobacteria (smear and culture), Pneumocystis jirovecii (modified Giemsa stain) and other fungi (potassium hydroxide stain and culture on Sabouraud's agar). We provided all test results to treating physicians to be used in patient management as soon as the results were available.
We invited patients to return 2 months after enrolment for a follow-up clinical examination and repeat sputum analysis, if clinically indicated. After participants had completed study procedures and the 2 month follow-up visit, at least two pulmonary physicians (SY, WW, AC, JLD and LH) reviewed all available clinical and microbiological data and assigned final diagnoses according to explicit definitions as follows: (1) culture-positive TB, positive sputum or BAL fluid mycobacterial culture results; (2) smear-positive, culture-negative TB, positive sputum AFB smear but negative mycobacterial cultures; (3) fungal pneumonia, positive BAL fluid fungal culture; (4) pulmonary Kaposi's sarcoma (PKS), observation of typical violaceous lesions of the tracheal and bronchial mucosa at bronchoscopy or violaceous plaques of the skin or mucous membranes; (5) cryptococcal pneumonia, positive BAL culture for Cryptococcus; (6) Pneumocystis jirovecii pneumonia (PCP), positive BAL fluid Giemsa stain; (7) aspergillus pneumonia, positive BAL culture for Aspergillus; (8) bacterial pneumonia, a diagnosis of exclusion, i.e. no alternative diagnosis and clinical diagnosis of bacterial pneumonia and clinical response to treatment at 2 months and all AFB cultures negative; (9) others, an infectious illness not mentioned above or any non-infectious illness that explained all of the pulmonary symptoms; (10) unknown, the patient did not meet any of the criteria above.
Chest radiographs
A hospital radiographer performed baseline posteroanterior (PA) or anteroposterior (AP) (in patients who were unable to stand) chest radiography within 24 h of admission. If a patient had had a CXR within the previous 7 days, it was not repeated. Study personnel photographed the CXRs using a 4.1 mega-pixel digital camera according to a standardised protocol.
Two radiologists (HNK, MGK), certified by the National Medical Association Board and each with more than a decade of experience, reviewed digital images of all radiographs using a standardised interpretation form (Appendix A). The interpretation form was developed by the authors (including three board-certified radiologists) based on the Fleischner Society's terms for thoracic imaging [14] and the Chest Radiograph Reading and Recording System (CRRS), that had been previously validated [15] . Although CRRS has recently been validated in patients with advanced HIV [16] , we modified CRRS prior to this, to add descriptive modifiers that we thought important in describing radiographs in HIV-infected patients (e.g. reticular opacities commonly seen in Pneumocystis pneumonia). Together, the radiologists evaluated the quality of each film, and films that were technically inadequate were excluded. They involved a third radiologist (RO) to adjudicate whenever there were differences in interpretation, and differences were resolved by consensus. Radiologists were blinded to all clinical and laboratory data, and to the final diagnosis.
Data analysis
We performed bivariate analyses to describe the association between clinical variables and a confirmed microbiological diagnosis of TB. For those with TB and those without, we determined stratum-specific means or medians for continuous variables, and proportions for categorical variables. We compared them using the t-test or Wilcoxon rank-sum (Mann-Whitney) test for continuous variables, and the x 2 test or Fisher's exact test for proportions. To compare proportions, we calculated risk ratios (RRs) with 95% confidence intervals. All tests were two-tailed and we considered p-values ,0.05 statistically significant. Although the sample size arose from convenience, we determined the precision of all diagnostic accuracy estimates using exact binomial confidence intervals in lieu of power calculations [17] . Data were analysed using STATA IC/10 (STATA Corporation, College Station, TX).
Ethics approval
The Makerere University Research Ethics Committee, the Committee on Human Research, the Mulago Hospital Institutional Review Board and the Uganda National Council for Science and Technology approved the protocol. Some of these patients have been previously included in published studies [18] [19] [20] .
Results
A total of 408 patients met inclusion criteria and underwent chest radiography. We excluded five patients whose radiographs were unreadable. Of the remaining 403 patients, 362 (90%) had radiographs of high or acceptable quality and 41 (10%) of poor quality, because of underinflation or overpenetration.
Median ), reflecting that 164 (50%) out of 326 patients with this information available had a CD4 T-cell count below 50 cells mm 23 . Of 334 HIV-infected patients, 49 (15%) were on antiretroviral therapy at the time of presentation. TB was the most common diagnosis, affecting 214 (53%) patients. 204 were culture positive, and 10 were smear positive, culture negative. 32 (8%) patients were diagnosed with culture-negative TB after responding to empiric TB treatment. Other diagnoses included bacterial pneumonia (n561, 15%), cryptococcal pneumonia (n56, 1%), PKS (n54, 1%) and PCP (n53, 1%). 8 (2%) patients had another non-infectious illness, and 62 (15%) patients did not have a final diagnosis. 13 (3%) patients had more than 1 final diagnosis. Of those, seven patients had culture-positive TB and another diagnosis (three cryptococcal pneumonia, three aspergillus infection and one PKS).
There were statistically significant but clinically small differences in the frequency of HIV seropositivity and weight loss between TB and non-TB patients: TB patients were more likely to be HIV seropositive (87% vs 78%, p50.02) and to have a lower CD4+ T-cell count (median 40 cells mm -3 vs 64 cells mm -3 , p50.002) than patients without TB. TB patients reported more weight loss (97% vs 91%, p50.02) than non-TB cases (Table 1 ). There were no other significant differences between the TB and non-TB patients in terms of gender, age, presence of fever or night sweats, use of antiretroviral therapy or antibiotics, or smoking. (Figure 1a,b) . A diffuse parenchymal pattern was also Table 3 compares radiographic findings between HIVseropositive and HIV-seronegative TB patients. Cavities were significantly more common in HIV-seronegative TB patients than in HIV-seropositive TB patients (48% vs 13%, RR 3.58, 95% CI 2.10-6.12, p,0.001) (Figure 2a,b) . Consolidation also occurred more frequently among HIV-seronegative patients (70% vs 42%, RR 1.66, 95% CI 1.23-2.23, p50.007). All four patients with miliary abnormalities were HIV seropositive ( Figure 3) . Table 4 compares radiographic findings in HIVseropositive TB patients after stratification by CD4+ Tcell count .50 cells mm -3 and #50 cells mm -3 . Of 182 TB patients with CD4 cell count results, 102 (56%) had a CD4+ T-cell count #50 cells mm -3 . Patients with CD4+ T-cell counts #50 cells mm -3 had consolidation less often (33% vs 54%, RR 0.62, 95% CI 0.44-0.87, p50.006), and more often had hilar or mediastinal lymphadenopathy (30% vs 16%, RR 1.87, 95% CI 1.05-3.33, p50.03), than patients with a CD4+ T-cell count .50 cells mm -3 ( Figure 4a,b) . Cavities also tended to be less common in those with CD4+ T-cell counts #50 cells mm -3 (9% vs 19%, RR 0.47, 95% CI 0.22-1.02, p50.05), although this was not statistically significant. When comparing the group of patients with CD4+ T-cell counts #50 cells mm -3 with patients who had a CD4+ T-cell count .50 but ,200 cells mm -3 we found that patients with CD4+ T-cell counts #50 cells mm -3 had consolidation less often (33% vs 51%, p50.03), and that there was a trend towards having more lymphadenopathy (30% vs 20%, p50.16), than patients with a CD4+ T-cell count of 51-200 cells mm -3 , although this was not significant. 
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Discussion
In the present study, we show that typical radiographic findings of TB (such as cavities, nodules and reticulonodular opacities) are still useful for differentiating TB from other pneumonias in a population with a high prevalence of HIV infection. We have also demonstrated that a lack of consolidation and a lack of cavities are the radiographic features that may be considered to define an atypical presentation since that is more common in HIV-seropositive than in HIV-seronegative patients, and in patients with advanced immunosuppression than in those with less immunosuppression.
Although previous studies have described atypical patterns as being more common in HIV-infected TB patients with CD4+ T-cell counts #200 cells mm -3 , few have described CXR patterns of patients with CD4+ Tcell counts #50 cells mm -3 . For the hospitalised patients with advanced AIDS who were included in our study, immediate diagnosis and treatment are crucial in preventing deaths and the CXR has a crucial role in guiding management. Our findings confirm the atypical pattern of pulmonary TB in HIV-seropositive patients with low CD4+ T-cell counts, most importantly the absence of cavities [4, 8, 13, [21] [22] [23] [24] [25] [26] . Our finding that consolidation was more common in the HIV-seronegative patient group corresponds with one prior study [6] .
Although CXR is neither sufficiently sensitive nor specific for diagnosis of TB, strong radiographic associations with microbiological diagnoses exist [27] and, when combined with other available clinical and laboratory information, CXR information may influence early empiric initiation of therapy, with or without additional confirmatory testing. When interpreting CXRs, radiologists working in areas with a high prevalence of HIV-related TB should consider the way HIV status and degree of immunosuppression change the radiographic presentation, and clinicians ordering CXRs should provide radiologists with clinical and immunological information to facilitate more accurate diagnosis for TB. Better communication between clinicians and radiologists may thereby help decrease time to initiation of therapy in smear-negative patients. One of the strengths of our study is that we used a standardised interpretation form that was developed according to recommended guidelines for interpreting CXRs. Furthermore, we used paired readings by two radiologists who, for study purposes, were blinded to clinical information. Additionally, we carried out our study in a highly relevant clinical population of admitted patients with chest symptoms from a population with a high prevalence of both HIV and TB.
There were limitations to this study. First, the resolution of the CXRs could have been compromised by digitising the images. We tried to obtain the highest quality images by standardising the way the digital photos were taken. A recently published study investigating the diagnostic accuracy of photographed radiographs for low-cost teleradiology found that there was no statistical difference between the readings from the original films and the digital images, showing that high-quality digital images do not compromise the quality of reading [28] . Second, mixed respiratory infections may influence the pattern of abnormalities seen on the radiographs. However, this is a common, well-recognised dilemma for radiologists evaluating films from immunocompromised patients. Third, 10% of the radiographs were of poor quality because of underinflation or overpenetration, issues that made accurate interpretation more difficult. Nevertheless, since these films were taken under routine conditions in a busy public referral hospital, the film quality reflects the standard quality of radiographs in clinically relevant settings. Furthermore, it raises the possibility that quality assurance interventions could improve the usefulness of radiography in these settings. Lastly, our study was limited in size and large studies of patients across a range of CD4+ T-cell counts, including patients with a greater frequency of non-TB opportunistic conditions, are needed in order to determine what features distinguish TB from other processes in similar populations.
In conclusion, in populations highly endemic for HIV-TB coinfection, the radiographic features of TB in patients with HIV differ from the typical patterns seen in non-immunosuppressed or less immunosuppressed individuals. We found that different chest radiographic patterns may be seen in TB and non-TB pneumonia, although those differences may be especially subtle in HIV-seropositive patients and patients with very low CD4+ T-cell counts. Diffuse opacities, reticulonodular opacities, nodules or cavities point more to TB than non-TB pneumonia, but normal CXRs are less likely in TB patients. Furthermore, consolidation and cavities are less common among HIVseropositive than among HIV-seronegative TB patients and hilar/mediastinal lymphadenopathy occur more in TB patients with CD4+ T-cell counts of #50 cells mm -3 . The presentation of clinical and immunological information to the radiologists interpreting the radiographs, and the assurance that the radiograph is of good quality, thus might facilitate more accurate diagnosis of TB. 
